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Abstract 
Background 
The adoption and use of health information technology (IT) continues to grow around the globe. In 
Switzerland, the government nor professional associations have to this day provided incentives for 
health IT adoption. 
 
Objective 
We aim to assess the proportion of physicians who are routinely working with electronic health data 
and describe to what extent physicians exchange electronic health data with peers and other health 
care providers. Additionally, we aim to estimate the effect of physicians’ attitude towards health IT on 
the adoption of electronic workflows. 
 
Methods 
Between May and July 2013, we conducted a cross-sectional survey of 1200 practice based 
physicians in Switzerland. Respondents were asked to report on their technical means and where 
applicable their paper-based workarounds to process laboratory data, examination results, referral 
letters and physician’s letters. Physicians’ view of barriers and facilitators towards health IT use was 
determined by a composite score.  
 
Results 
A response rate of 57.1% (n=685) was reached. The sample was considered to be representative for 
physicians in Swiss ambulatory care. 35.2% of the respondents documented patients’ health status 
with the help of a longitudinal semi-structured electronic text record generated by one or more 
encounters in the practice. Depending on the task within a workflow, around 11−46% of the 
respondents stated to rely on electronic workflow practices to process laboratory and examination data 
and dispatch referral notes and physician’s letters. The permanent use of electronic workflow 
processes was infrequent. Instead, respondents reported paper-based workarounds affecting specific 
tasks within a workflow. Physicians’ attitude towards health IT was significantly associated with the 
adoption of electronic workflows (OR 1.04−1.31, p<0.05), but the effect sizes of factors related to the 
working environment (e.g. regional factors, medical specialty, type of practice) were larger. 
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Conclusion 
At present, only a few physicians in Swiss ambulatory care routinely work with electronic health data.   
Until more of their peers participate in electronic exchange of structured clinical information, most 
physicians will continue to stay in paper-based systems and workarounds. The survey found that 
physicians with a positive attitude towards health IT were more likely to adopt electronic workflows, but 
the impact is minor. It will likely be necessary to introduce financial incentives and develop national 
standards in order to promote the adoption by a critical mass of practicing clinicians.   
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1. Introduction 
The adoption and use of health information technology (IT) continues to grow in many healthcare 
settings around the globe [1-4]. However, countries still vary considerably in their development and are 
at different stages of maturity in realizing a seamless exchange of medical patient information between 
different healthcare providers [4-6]. The basic prerequisite for achieving extensive health information 
exchange in any country is a comprehensive implementation of Electronic Health Records (EHRs) at 
the micro level of healthcare (i.e. among healthcare providers), since EHRs form the core of any 
eHealth system [7]. Thus, previous implementation research often used the availability of an EHR 
application as a surrogate parameter of a successful implementation of eHealth in the sense of routine 
healthcare practice supported by electronic processes and communication. This led policy makers to 
base national eHealth strategies largely on measures to accelerate the adoption of EHR systems [8-
11]. Especially studies on barriers to the acceptance of eHealth and frameworks for the assessment of 
eHealth readiness tend to focus particularly on healthcare providers’ views of EHRs [7,12-16]. The 
problem is, however, that this approach neglects the great variety of EHR definitions and potentially 
available EHR functionalities. Therefore, recent research evaluating the implementation of eHealth 
distinguishes more sharply between the simple availability of “any type” of EHR system and types that 
meet the criteria of the “Meaningful Use” objectives and provide multifunctional health information 
capacity including the capability to perform health information exchange [1,17-19]. Indeed, results in 
many countries show a substantial gap between the proportion of healthcare providers using EHRs 
and those having multifunctional capacity [1,5,20]. This indicates that either only a fraction of EHR 
systems provides multifunctional capacity to date or that healthcare providers use only a fraction of 
available EHR functionalities. In addition, there is an increasing number of reports on health IT 
functionalities (e.g. Clinical Decision Support Systems, Computerized Provider Order Entry Systems) 
that are not EHR-embedded or the reports do not provide explicit information on their system 
architecture, respectively [19]. What is missing today, are more detailed descriptions of the 
architecture of health IT applications under study, content and format of data contained within their 
repositories, their cross-linkage to other health IT applications and other data sources. Moreover, 
information about the context and degree of use in daily clinical practice is missing. As a result, 1) 
there exist multiple, occasionally contradictory definitions and terminologies in the context of health IT 
applications [4,21,22];  
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2) it is difficult to determine the maturity of any health IT application not to mention of an entire eHealth 
system especially in countries with an heterogeneous marketplace and a variety of software 
applications in use (e.g. The United States, Germany, Switzerland) [9,23-25]; 
3) contextual and implementation related barriers and facilitating factors to the effective use of existing 
systems are only superficially described [19,26]; 
4) comparisons between different systems both on a national and international level are subject to 
limitations and cross-site learning about effective implementation is made difficult [27]. 
 
The present study aims to describe the status quo of health IT implementation in Swiss ambulatory 
care in a different way without relying on ambiguous terminology or describing specific software 
applications. Our objectives are: 
1) to assess the proportion of physicians routinely working with electronic health data;  
2) to clarify what proportion of these electronic health data is available in a structured electronic 
format theoretically facilitating seamless electronic data exchange; 
3) to describe to what extent physicians already exchange structured and/or unstructured 
electronic health data with peers and other health care providers to date. 
We will focus on physicians’ means to continuously document patients health status, manage patients’ 
consultations and organize three common workflows in ambulatory care requiring information 
exchange between physicians and other healthcare providers: processing of laboratory data, 
processing of examination results and administration of referral notes and physician’s letters. 
So, it will be possible to gain an overview of Swiss physicians’ health IT use in daily practice. Readers 
may ask themselves the question how comparable workflows are usually organized in their own 
country, healthcare system or clinical unit and use our description of the situation in Switzerland as a 
benchmark for the maturity of health IT implementation in their own environment. 
Additionally, we aim to assess physicians’ views of the consequences of health IT use in daily practice 
and to evaluate the impact of these attitudes on physicians’ choice to adopt electronic workflows. This 
will contribute to a better understanding of barriers and facilitating factors to physicians’ acceptance of 
health IT. To date, the majority of studies on acceptance factors originate from the United States [16]. 
Switzerland, by contrast, is a particularly interesting country to study in this context, because it is a 
high income European country with physicians in ambulatory care working as self-employed 
entrepreneurs. So, one could assume that physicians have enough spending power to implement 
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health IT if they see any advantages in doing so. The government has to this day not provided 
incentives for health IT adoption. 
 
2. Material and Methods 
Between May and July 2013, we conducted a cross-sectional survey of practice based physicians in 
Switzerland. All physicians registered as working in outpatient care based in practices or medical 
centers without hospital affiliation were eligible. Hospital based physicians were excluded because 
they have no influence on the use of health IT in their organization. According to the latest available 
census at the time of the study preparation, 16,232 physicians met these inclusion criteria [28]. For a 
sample of 376, the margin of sample error would have been 5% at the 95% confidence interval. 
Presuming a response rate of 30−40%, 940 addressees would have been required. We decided to 
extend the number of addressees up to 1200 in order to allow for subgroup analyses of physicians 
from different specialties and comparisons with a previous survey in Swiss ambulatory care that had 
addressed 1200 physicians [29]. Our study was designed as a mixed-modes survey with a self-
administered questionnaire. Addressees were randomly selected from the address database of the 
Swiss Medical Association and contacted by letter on behalf of the Institute of Primary Care, University 
of Zurich, University Hospital Zurich. Respondents could choose to return the completed questionnaire 
by mail (postpaid envelopes were provided), fax or an online survey platform (Surveymonkey®). Four 
weeks after the initial mailing, non-responders received another invitation. After six weeks, the survey 
was closed.  
 
According to Swiss law a survey among physicians does not require a vote of the Ethical Committee. 
During the period of data collection, responses and address data of respondents were linked in order 
to monitor responsiveness of addressees. Prior to data analysis, this link was deleted ensuring 
complete anonymization. As an incentive offer to encourage participation in the survey, a draw for 10 
tablet computers and book vouchers (worth CHF 150) was launched. Participation in the draw was 
optional and open to all addressees independent of their participation in the survey. Therefore, 
separate postpaid postcards were made available.  
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2.2 Outcome definitions 
Primary outcome measures of the survey were:  
- Use of a self-contained EHR application:  proportion of physicians routinely documenting 
patients’ anamnesis and current health status (including medication, immunization and 
allergies) using a self-contained EHR application in the sense of a longitudinal semi-structured 
electronic text record generated by one or more encounters in the practice. Respondents who 
reported to document a set of predefined health information as depicted in Table 1 
electronically were considered to be EHR adopters; 
- Standardized encoding of health data: proportion of physicians encoding patients’ symptoms, 
diagnoses and medical conditions electronically according to a standardized medical 
classification;  
- Use of electronic billing systems and times schedules: proportion of physicians routinely using 
such electronic features to manage patients’ consultations; 
- Processing of laboratory data: distribution of electronic and paper-based workflow practices of 
ordering laboratory tests, receiving and archiving the respective results; 
- Processing of examination results: distribution of electronic and paper-based workflow 
practices of documenting and archiving examination results; 
- Administration of referrals and physician’s letters: distribution of electronic and paper-based 
workflow practices of dispatching and archiving referral notes and physician’s letters. 
 
Secondary outcomes were: 
- the proportion of physicians always processing structured electronic laboratory data; 
- the proportion of physicians converting paper-based laboratory reports to an electronic data 
format; 
- the proportion of physicians always gathering structured electronic examination data; 
- the proportion of physicians converting paper-based examination reports to an electronic data 
format; 
- Intention to expand health IT use: the proportion of physicians’ planning to expand their use of 
health IT within the next 3 years; 
- Physicians’ attitude towards health IT: a composite score of physicians’ rating of health IT 
related impacts on operating costs, expenditures of time, cooperation with other physicians, 
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quality of care, workflow management, physicians’ ability to get an overview of patients’ 
situation and physician-patient-relationship as surrogate of their attitude towards health IT; 
- Impact of physicians’ attitude: the effect of physicians’ attitude towards health IT on health IT 
adoption, use of electronic workflow practices and the intention to expand individual health IT 
use in the future. 
 
2.3 Questionnaire 
The questionnaire was specifically developed for study purposes and pretested regarding 
comprehensibility and usability by 24 physicians representing the target group. A review of the random 
address sample found that none of the pilot testers was later a part of the study population. After pilot 
testing, the original German questionnaire was translated into French according to guidelines for 
obtaining semantic, idiomatic, experiential and conceptual equivalence in translation by using back-
translation techniques and committee review [30]. An Italian version was not developed, since citizens 
of the Italian-speaking part of Switzerland generally speak French or German as a second language.  
The questionnaire was composed of 31 items, thereof 5 items referred to respondents’ demographics. 
The other items referred to the IT infrastructure (2 items), the use of health IT functionalities for health 
status documentation (6 items) billing and time scheduling (2 items), the im- and export (7 items) and 
exchange (6 items) of laboratory values, examination results and referral information, physicians’ 
views of health IT impacts (2 items) and the intention to extent the use of health IT in the near future (1 
item). Twenty-eight items were designed as multiple-choice questions with a set of maximum 5 options 
representing ordinal or nominal response categories. Two items were designed as multiple response 
items. Physicians’ perceptions of health IT related impacts on operating costs, expenditures of time, 
cooperation with other physicians, quality of care, workflow management, physicians’ ability to get an 
overview of patients’ situation and physician-patient-relationship were assessed using a 5-point-Likert-
Scale rating of 6 items and 1 ordinal 4-point scale question. We designed the respective items 
according to literature indicating that the concepts underlying these items reflect important motivational 
forces (e.g. healthcare providers’ (dis-)satisfaction with the status quo, perceived ease of use, 
perceived usefulness) and socio-technical factors that can facilitate or limit the adoption of health IT in 
healthcare professionals [5,14,16,29,31-39]. From the data obtained, a composite score was 
calculated as surrogate of an individual’s attitude towards health IT. The lowest achievable score was 
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7 points and was considered as surrogate of a mind attaching great importance to barriers towards 
health IT adoption, whereas higher scores (maximum 34 points) would correspond to a more positive 
minded person less aware of barriers. The original questionnaire is provided in Appendix A.  
 
 
2.4 Data analysis 
We used descriptive statistics to assess the distribution of responses overall and in subgroups of 
different age, sex, language regions, medical specialization, type of practice (single handed vs. group 
practice), duration of practice career and EHR adoption. Data are presented as frequencies and 
percentages. Baseline characteristics of the respondents were compared using Chi-square test or 
Student’s t-test where appropriate. 
Logistic regression was performed in order to gauge the effect of age, sex, language region, medical 
specialization, type of practice and physicians’ attitude towards health IT on all primary and secondary 
outcomes. Where applicable, models were controlled for EHR adoption status. The estimates are 
presented as odds ratios (OR) with 95% confidence intervals (95% CI) and p-values. A p-value of 
<0.05 was considered as statistically significant. The duration of physicians’ career in practice was 
excluded from statistical modeling, because this variable highly correlated with physicians’ age 
(Pearson’s coefficient rho=0.81). 
All statistical analyses were done in R (version 3.0.2, The R Foundation for Statistical Computing, 
Vienna, Austria). 
 
3. Results 
According to the power calculation, 1200 Swiss physicians were addressed; thereof 685 returned the 
questionnaire corresponding to a response rate of 57.1%. Addresses were unique, so every 
respondent represented a separate practice. Response rates in the German, French and Italian 
speaking regions did not differ significantly (p=0.7). 
Eighteen (2.6%) responses were excluded from analysis because respondents stated to work in a 
hospital-associated, not practice-based, setting (17 cases) or forbade the analysis of their results (1 
case), respectively. Thus, the responses of 667 respondents (55.6% of all addressees) were included. 
Their characteristics are depicted in Table 2. Compared to male respondents, women were slightly 
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younger (mean difference 5 years; p<0.001), more likely to work in group practices (p<0.001) and 
prevailed in the subgroup of gynaecologists (55.8%).  
 
3.1 Use of a self-contained EHR application 
The majority of respondents (95.5%, n=637/667) stated that their practice was equipped with at least 
one computer. Thereof, 98.0% (n=624/637) had internet access. In most cases (75.0%, n=478/637), 
physicians had a computer at their disposal in the consulting room, whereas 25.0% (n=159/637) used 
computers solely at the reception desk and/or in the back-office. Based on the identification scheme 
presented in section 2.2, 35.2% (n=235/667) of all respondents were considered to use a self-
contained EHR application. Eight respondents (1.2%) were excluded from further analysis regarding 
EHR use because they missed to report on the items underlying the identification scheme. Thirty 
respondents (4.5%) had not any computer at their disposal and were therefore excluded. The 
remaining respondents with computer access (n=394) were classified as non-EHR-adopters using 
paper and pen for record keeping. For the most part (98.2%, n=387/394), ≥2 criteria of EHR adopters 
were not met. Most often (92.9%, n=366/394), the criterion of documenting the anamnesis and current 
health status of patients electronically was not met. Moreover, 85.8% (n=338/394) used neither 
electronic drug plans nor IT functionalities for the documentation of immunizations or allergies.  
The distribution of EHR adopters and non-adopters differed significantly between subgroups of 
different age, language region, medical specialization, practice type and duration of practice career 
(Table 3). EHR adoption was highest among respondents 30−49 years of age, male, German 
speaking, working as GP, being affiliated to a group practice, with 0−10 years of career in practice 
(Table 4). Physicians aged ≥50 years and those working in single-handed practices were more likely 
not to have any computer or to have computers for reception/office purposes only. Among 
psychiatrists, the absence of computers was highest (18.7%) compared to members of other medical 
specialties.  
 
3.2 Standardized encoding of health data   
While 80.0% (n=188/235) of EHR adopters stated to record patients’ current medical problems with 
the help of an electronic short list, the use of medical classifications supporting a structuring and 
standardization of these lists was infrequently reported. In total, 27.1% (n=51/188) of short list users 
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encoded symptoms, diagnoses and medical conditions according to a generally accepted medical 
classification instead of their own words. Thereof, 41.2% (n=21/50) used the International 
Classification of Primary Care (ICPC-2) [40] whereas the rest (58.8%, n=30/51) used the International 
Classification of Diseases (ICD-10) [41] or other unspecified classifications. Comparing subgroups of 
different age, sex, language region, medical specialization, type of practice and duration pf practice 
career, equal distributions were found. 
 
3.3 Use of electronic billing systems and time schedules  
Overall, 75.1% (n=501/667) of the respondents stated to use electronic billing systems and 49.3% 
(n=329/667) used electronic time schedules to manage their patients’ consultations. In both cases, 
EHR adoption was the most important predictor (OR 4.82, 95%CI 2.45−9.49 and OR 11.04, 95%CI 
6.41−19.03, p<0.001 for both). Electronic billing systems were used by 94.0% (n=221/235) of EHR 
adopters and 69.5% (n=274/394) of non-EHR-adopters, respectively. In comparison, electronic time 
schedules were used by 88.1% (n=207/235) and 29.4% (n=116/394), respectively. Being affiliated to a 
group practice (≥2 physicians) had additional impact on the use of electronic time schedules (Table 4).  
 
3.4 Processing of laboratory data 
We assessed the workflow practices with regard to the following processes:  
- ordering laboratory tests  
- receiving the respective laboratory results 
- archiving the results.  
In total, 63.9% (n=426/667) of the survey respondents worked in a practice providing in-house 
laboratory services and 87.9% (n=586/667) cooperated with an external laboratory service provider. 
Overall, paper-based workflow practices prevailed independent of type of laboratory service. 
Respondents reported to order laboratory tests predominantly by written/verbal instructions or pre-
printed order forms, to receive paper-based reports of the results (letter/fax) and to archive these 
reports in a paper-based patient record. Around 17.0% of the respondents stated to use electronic 
laboratory order systems. By contrast, the proportion of respondents who stated to always rely on 
electronic order systems and structured data exchange was 6.1% (n=26/426) in case of in-house 
laboratory services and 4.2% (n=25/586) in case of external laboratory services. 
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In sum, 29.1% of the respondents with access to an in-house laboratory service and 49.3% of the 
respondents with external provider received the results in a structured electronic data format that 
allows for automatic integration of the results into a preexisting laboratory record (Table 5). However, 
most of these respondents also explained to use non-electronic pathways besides and to process 
electronic data as well as non-electronic laboratory data at the same time, whereby non-electronic 
data (letters/fax) prevailed. Thus, on average 54.6% of the results that physicians received from in-
house laboratories and 87.9% of the results they received from external laboratory services were in 
paper format. Overall, 19.6% of the respondents explained to convert paper-based laboratory reports 
from in-house laboratory services to an electronic format, whereas 18.4% stated to convert at paper-
based reports of external laboratory services (Table 5).  
Respondents working as a GP, those being affiliated to a group practice and using a self-contained 
EHR application were most likely to adopt electronic workflow practices. German speaking 
respondents were less likely to use electronic order systems than French or Italian speaking 
respondents but more likely to receive results in a structured electronic data format (Table 4).  
 
3.5 Processing of examination results 
We assessed the workflow practices with regard to the following processes: 
- documentation and archiving of results from diagnostic examinations (x-ray, sonography, 
electrocardiogram [ECG], and spirometry) undertaken in the practice 
- archiving of examination results received from external healthcare providers. 
The majority of respondents (>70%) who performed the abovementioned diagnostic examinations 
stated to print and archive the respective examination results in a paper-based patient record. 
Concerning imaging diagnostics (x-ray, sonography), around 26.0% of the respondents stated to 
generate digital images that are automatically transferred to an electronic examination record. In 
contrast, respondents who performed load tests with continuous data capturing (ECG, spirometry), 
generated structured data in around 16.0% of cases (Table 5). 
 
If Swiss physicians receive examination reports from external healthcare providers, these reports may 
be either paper documents (letter/fax) or electronic (Portable Document Format [PDF]) documents. 
Structured electronic reports do not exist in this case. Nine respondents (1.3%, n=9/667) stated to 
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receive PDF documents only, whereas 44.4% (n=296/667) of the respondents stated to receive paper 
documents only. The majority (53.7%, n=358/667) stated to receive examination reports in paper as 
well as PDF format in daily practice, whereby paper documents prevailed. The proportion of 
respondents receiving more than 50% of examination reports in PDF format was 11.4% (n=42/367). 
Almost one third (33.2%, n=217/654) of the respondents who received paper-based examination 
reports explained that they converted these to an electronic format. The others stored the paper-based 
reports in a paper-based patient record. In comparison, 54.2% (n=199/367) of the respondents who 
received examination reports in PDF format explained to store the documents in a digital storage. The 
others printed the PDF files and stored it in a paper-based patient record (Table 5). Male, German 
speaking respondents, those being affiliated to a group practice and using a self-contained EHR 
application were more likely to adopt electronic workflow practices to process examination data. 
Additionally, GPs were more likely to receive structured examination data than members of other 
medical specialties when the examination was performed in the practice but were not more likely to 
receive examination reports from other healthcare professionals in PDF format (Table 4).  
 
3.6 Administration of referrals and physician’s letters 
We assessed the dispatch process and subsequent archiving of referral notes and physician’s letters.  
The vast majority of respondents stated to dispatch referral letters by mail or fax when referring 
patients to other physicians (96.3%, n=642/667). Additionally, 46.2% (n=308/667) of the respondents 
indicated that they occasionally (median 10−20% of their referrals) also used e-mails and/or online 
document exchange platforms. Nine respondents (1.3%, n=9/667) explained to use exclusively e-
mails in this context. Online platforms were solely used in combination with letters and/or e-mails.  
After dispatch, 40.2% (n=268/667) of the respondents stated to file their referral notes and physician’s 
letters in a paper-based patient record compared to 37.6% (n=251/667) storing these documents as 
electronic text files (Table 5). In contrast, 16.0% (n=107/667) used an electronic storage and a paper-
based back-up record. 5.1% (n=34/667) indicated that they have no routine process and archive the 
documents occasionally in a paper-based record and occasionally as electronic text file. Male, 
German speaking respondents and those being affiliated to a group practice were most likely to use e-
mails and/or online platforms to dispatch referral notes, whereas the use of a digital document storage 
was associated with settling in the German language region and EHR adoption Table 4. 
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3.7 Intention to expand health IT use 
The majority of respondents (66.7%, n=445/667) explained that they do not plan to expand their use of 
health IT within the next 3 years. Among EHR adopters, 43.0% (n=101/235) were willing to expand 
health IT use and adopt more electronic workflow processes compared to 28.4% of the non-EHR 
adopters. The difference was, however, not significant (Table 4). Respondents from the French and 
Italian language region as well as those being affiliated to a group practice were most likely to expand 
their health IT use. 
 
3.8 Impact of physicians’ attitude 
Most respondents (50−63%) rated the impacts of health IT use on operating costs, expenditures of 
time, cooperation with other physicians and overview of patients’ situation as positive, whereas the 
impacts on quality of care, workflow processes and physician-patient-relationship were predominantly 
rated as neutral or negative. In general, EHR adopters rated the impacts of health IT more positive 
than non-EHR-adopters (Figures 1 and 2). 
The individual attitude of the responding physicians towards health IT was determined by a composite 
score as described in section 2.4. The mean composite score of all respondents was 22.7 (standard 
deviation (SD) 6.2). Highest scores were observed in physicians aged 30−39 years (mean 26.4, SD 
5.9), GPs (mean 23.5, SD 5.6), respondents being affiliated to a group practice (mean 23.7, SD 5.9), 
with 0−5 years of career in practice (mean 25.9, SD 5.2) and those using a self-contained EHR 
application (mean 27.3, SD 4.5). The lowest score was observed in respondents without any computer 
at their disposal (mean 17.9, SD 4.2). Logistic regression showed that physicians’ attitude was an 
independent predictor of EHR adoption, use of electronic billing systems and time schedules, use of 
electronic laboratory order systems (in-house laboratory services), reception of structured electronic 
laboratory data, reception of structured examination data (examination performed in the practice) and 
electronic examination reports (examination performed by external healthcare providers), conversion 
of paper-based data to an electronic format, and the intention to expand health IT use in the next three 
years (OR 1.04−1.31 [Table 4]).  
 
Last Manuscript before press 
Djalali S, Ursprung N, Rosemann T, Senn O, Tandjung R: Undirected health IT implementation in 
ambulatory care favors paper-based workarounds and limits health data exchange. International 
Journal of Medical Informatics 2015; DOI: 10.1016/j.ijmedinf.2015.08.001. [Epub ahead of print] 
15 
 
4. Discussion 
The cross-sectional survey of practice based physicians in Switzerland showed that only a minority of 
physicians routinely used electronic health data in daily practice. This was the case in particular as 
regards the documentation of patients’ health status over time, the collection of laboratory and 
examination data and the administration of referral notes and physician’s letters. In detail, around 
35.5% of the respondents were considered to use a longitudinal semi-structured electronic text record 
to document patients’ health status including medication, immunization and allergies, whereby only a 
minority encoded these entries according to a standardized medical classification. Less than 10% of 
the physicians who cooperated with an in-house or external laboratory service routinely processed 
structured electronic laboratory data, i.e. ordered laboratory tests electronically and received the 
respective results in a structured electronic data format that allows for automatic integration into a 
preexisting laboratory record. Concerning the results of examination performed in the practice, around 
16−26% of the respondents used such structured electronic data, dependent on the examination type. 
Concerning examinations performed by external healthcare providers, a minority of 1.3% of the 
respondents stated to receive electronic result reports in PDF format. A similar proportion was found 
concerning the dispatch process of referral notes and physician’s letters: only 1.3% of the respondents 
constantly relied on e-mail dispatch, the others preferred conventional mail or fax. By contrast, 
electronic billing systems and time schedules as example of simple electronic features supporting 
physicians’ consultation management were more widespread.  
Even though almost every physicians in this study stated to have a computer and access to the 
internet, it emerged that paper and pen were still physicians’ most common instruments of record 
keeping, and conventional mail and fax messages were their preferred way of exchanging clinical 
information with other healthcare providers. However, it is to note that physicians could not simply be 
classified as health IT adopters or deniers. The stepwise assessment of different workflows clearly 
showed that many physicians cultivated “patchwork” workflows, combining electronic processes and 
paper-based workarounds.  
Depending on the task within a workflow, around 11−46% of the respondents stated to rely on 
electronic workflow practices (Table 5). But not a single study respondent stated to always use 
electronic practices regarding every workflow that was assessed in this study. Thus, none of the 
respondents could be considered as working in a paperless environment. On the contrary, workflows 
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in daily practice were apparently inconsistently organized and often characterized by media 
disruptions and the simultaneous use of different communication channels within the same practice. 
For instance, 41.5% of the respondents stated to dispatch referral letters by e-mail. However, most of 
them preferred nonetheless the dispatch via letter or fax and used it for 80−90% of their referral notes. 
Only 1.3% of the respondents always relied on e-mail dispatch. 
The consistent integration of IT into clinical workflows has already been identified as major challenge 
for health IT efforts and it has been shown that a lack of integration can cause paper-based 
workarounds in daily practice [33,42-45]. Our study results confirm this hypothesis now and reveal in 
detail that workarounds do not concern entire workflows. Instead, our stepwise assessment of 
individual tasks showed that workarounds occur within a workflow whenever data need to be 
converted and persons involved in the process need to decide whether to take the effort and time to 
convert data (e.g. by manual data/order entry or scanning) and to maintain an electronic dataflow by 
all means or not. The laboratory workflow compromising the ordering of tests, the reception and 
storage of the respective results gives an example: Whereas around 17% of the respondents stated to 
use electronic laboratory order systems, only 4−6% also explained that they would always receive 
electronic laboratory data that would automatically be integrated into a preexisting electronic 
laboratory record. Obviously, an electronic order did not necessarily prompt an electronic echo of the 
connected laboratories. In most cases, the electronic workflow was disrupted.  
Another example is the administration of referral notes and physician’s letters. It is very likely that 
these documents are generated with the help of a computer at the time of the year 2013, so it would 
be natural to dispatch these documents via e-mail and save a copy in a digital storage. However, it is 
to note that the majority of respondents used conventional mail and fax to dispatch these documents 
and afterwards 40.2% stored the documents in a paper-based patient record. 
Respondents who documented patients’ anamnesis and health status in a longitudinal semi-structured 
electronic text record were considered to use a self-contained EHR application. Following the 
approaches of earlier studies in this field [1,29], one could assume, that at least these EHR adopters 
would always use electronic workflows. However, our approach of a stepwise workflow assessment 
showed that EHR adoption may be significantly associated with the use of electronic workflow 
processes but it was not mutually inclusive. The majority of EHR adopters still relied on verbal or 
written laboratory orders, almost half of them received a relevant proportion of paper-based laboratory 
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and examination results and the vast majority dispatched referral notes and physician’s letters via 
conventional mail or fax (Table 5).  
We explain this finding with the fact that physicians who adopted electronic workflows are still 
outnumbered by their paper-oriented peers. To be more precise, it must be acknowledged that 
electronic data exchange needs both, a sender and an addressee. Physicians who decide to 
exchange data exclusively via e-mail depend on a network of healthcare providers accepting this 
communication. They take losses as long as only a minority of other healthcare providers has 
integrated this way of communication into their practice routine. So, it will be more efficient to maintain 
a conventional letter contact with those healthcare providers who have not yet integrated e-mail and 
keep all data that are supposed to be exchanged with these addressees in paper format. In 
conclusion, physicians’ adaption to conflicting demands of addressees in their working environment 
leads to the observed “patchwork” processes. The bottom line is that health IT implementation is 
synonymous with a disruptive change in the working environment and requires a remodeling of the job 
design of interconnected health professionals to effectively and efficiently implement technology 
[46,47]. Following the diffusion of innovations theory, the critical mass (late majority) of Swiss 
physicians implementing a job remodeling is not yet reached [48]. 
However, several trends can be observed, since the use and exchange of electronic health data 
varied significantly by language region, medical specialization and practice type of the survey 
respondents. Obviously, German speaking physicians, those working as a GP and being affiliated to a 
group practice were more likely to adopt EHR applications and electronic workflow processes (Table 
4). We attribute this finding to the fact that members of these subgroups have a stronger demand for 
health data exchange among each other and will find more peers who already adopted electronic 
workflows, due to the following circumstances: 
a) the German speaking population is larger than the French and Italian population. 
Consecutively, the commercial offer of health IT applications is larger in the German language 
region and therefore more likely to attract physicians’ interest. Moreover, ambulatory care in 
the German language region is increasingly characterized by the formation of medical 
networks that goes along with a higher demand for information exchange among healthcare 
providers. 
b) despite a shortage of young successors, GPs are still the largest group of practice-based 
physicians in Swiss ambulatory care. They act more than members of other medical 
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specialties as care coordinators and arrange patients’ consultations with specialists. 
Therefore, they have a greater demand for information exchange with other healthcare 
providers. By contrast, psychiatrists are the second largest group of physicians but often act in 
isolation, and are often organized in a single-handed practice without extensive data 
exchange. 
c) the proportion of group practices in Swiss ambulatory care is constantly increasing. Working in 
a group practice requires more information exchange between physicians and goes along with 
a reorganization of workflows. Health IT facilitates the team coordination and administration of 
these practices.  
Previous studies in this field suggested that health IT adoption is also associated with age and sex 
[5,14,16,29,49-51]. Our results suggest that young age (30−39 years) and male sex are predictors of 
EHR adoption but have only limited impact on the adoption of the surveyed electronic workflows 
supporting health data exchange. We explain this with the fact that physicians’ demand for health data 
exchange depends on the working environment rather than on age and sex. 
Another objective of our study was to investigate the effect of physicians’ attitude towards health IT on 
health IT adoption, use of electronic workflow practices and the intention to expand individual health IT 
use in the future, because a lot of qualitative studies suggested that there exists an association 
[5,14,16,29,31-36]. Indeed, it emerged that physicians’ attitude towards health IT was an independent 
predictor on most outcomes (Table 4). The statistical effect size expressed as odds ratio was, 
however, limited compared to the effect sizes of the factors language region, medical specialization 
and practice type. Thus, we conclude that a positive attitude towards health IT promotes the adoption 
of health IT but does not compensate for a working environment that does not urge physicians to 
adopt electronic workflow processes.   
This finding highlights the value of external incentives. Observations on health IT adoption in the 
United States and other member states of the Organisation for Economic Co-operation and 
Development (OECD) suggested that external factors such as financial incentives and legal 
obligations increase health IT adoption substantially [1,5,6,20]. Our results from Switzerland can now 
be considered as results of a «control group», since the Swiss healthcare system is similarly 
organized to the healthcare system in the United States or Canada. However, unlike in these countries 
neither the government nor professional associations have intervened in the Swiss health IT market. 
Health IT applications do not require accreditation, so the distribution of such applications is 
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completely subjected to the driving forces of the market economy. Physicians fully take the initial and 
ongoing operational costs. The current situation in Switzerland is similar to the situation in the USA 
prior to the introduction of the HITEC act in 2009, where only few healthcare providers proposed 
electronic data exchange with other professionals as a requirement for their clinical information 
systems [9]. Our results show that such situations are not a phenomenon of the 2000s, but remain 
almost unchanged without interventions at the macro level. One could assume that this could be 
changed by setting out incentives in the future. In the United States a significant increase of EHR 
adoption rates was observed following the introduction of incentives based on the HITEC act [52], 
whereas EHR adoption in Switzerland increases rather slow. Comparing our results to the results of 
an earlier assessment of EHR diffusion in Switzerland in 2007, an increase of 23.5% (from 11.7% to 
35.2%) is stated [29]. Taking into account that the majority of respondents in our study explained that 
they do not plan to expand their personal health IT use in the next three years, we conclude that it is 
not likely that the diffusion of EHR or electronic workflow processes will significantly increase in the 
future without external incentives. Therefore, we recommend the introduction of binding standards of 
health data exchange between physicians and other healthcare providers that force physicians to 
adopt electronic workflow processes. Financial rewards for the adoption of these standards and more 
large-scale clinical trials designed to demonstrate relevant improvements in quality of care gained by 
health IT implementation could help to convince physicians. 
 
4.1 Strength and Limitations 
A key strength of this survey study is that we applied a new approach, designed to overcome arbitrary 
definitions and terminologies in the context of health IT applications. Accordingly, the wording of the 
questionnaire avoided unstandardized terminologies (e.g. EHR, electronic exchange) in order to 
prevent misunderstandings of respondents and a consecutive over- or underestimation of the share of 
EHR adopters with and without multifunctional capacity. Instead, respondents were asked to report 
separately on their workflows in daily practice that require information exchange between physicians 
and different healthcare providers. Thus, we enable the international readership to reproduce the 
workflows task by task and understand where the processes and level of health IT implementation 
differ from the situation in their own country. This is an advantage over earlier studies comparing the 
health IT use in different countries [1,27]. 
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On the other hand, there are also limitations that need to be acknowledged. Our study provides only a 
cross-sectional view and its comparability with previous assessments in Switzerland is limited due to 
the methodological features of the survey instrument. Nevertheless, our study sample can be 
considered as being representative for the population of physicians in Swiss ambulatory comparing 
the characteristics of our study respondents to the latest census data of Swiss ambulatory care [53]. 
Due to this fact and due to the unusually high response rate of 57.1%, the results offer a valuable 
insight in the current situation.  
  
4.2 Conclusion 
EHR adoption among physicians in Swiss ambulatory care has slowly increased since 2007. Still, only 
a few physicians routinely work with electronic health data. Until more of their peers participate in 
electronic exchange of structured clinical information, most physicians will continue to stay in paper-
based systems and workarounds. The survey found that physicians with a positive attitude towards 
health IT were more likely to adopt electronic workflows, but the impact is minor. It will likely be 
necessary to introduce financial incentives and develop national standards in order to promote the 
adoption by a critical mass of practicing clinicians.    
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Summary table 
What was already known on the topic: 
- The integration of health IT into clinical workflows is a major challenge for health IT efforts. 
Suboptimal integration causes paper-based workarounds in daily practice. 
- Physicians’ views of the impact of health IT on operating costs, expenditures of time, 
cooperation with other physicians, quality of care, workflow procedures, overview of patients’ 
situation and the physician-patient-relationship can act as barriers or facilitating factors to 
health IT adoption. 
- Switzerland is among the countries with the highest per capita expenses on healthcare and 
the highest life expectancy worldwide. In 2007, around 23% of physicians in ambulatory care 
had adopted EHR applications. 
What this study added to your knowledge: 
- Paper-based workarounds do not necessarily concern entire workflows but concern individual 
tasks within a workflow, particularly situations when data need to be converted or transferred 
and persons involved in the process need to decide whether to maintain an electronic 
dataflow by all means or not. 
- In the absence of regulatory obligations and incentives, physicians’ individual attitude towards 
health IT has a limited effect on the adoption of electronic workflows compared with 
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contextual factors of the working environment (e.g. regional factors, medical specialty, type of 
practice) 
- In 2013 the estimated rate of EHR adopters among physicians in Swiss ambulatory care was 
35.2%. The adoption of electronic workflows was significantly associated with EHR adoption, 
but taking the EHR adoption rate as surrogate for the uptake of electronic workflows would 
lead to an overestimation. 
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Tables 
Table 1: Criteria for the identification of EHR adopters 
Two mandatory criteria 
plus 
Minimum one facultative criterion 
- The practice’s consulting rooms are 
equipped with computers 
- Patients‘ drug plan is documented 
electronically 
- Patients‘ anamnesis and current health 
status are documented electronically 
either during or immediately after the 
consultation 
- Patients‘ immunizations are documented 
electronically 
- Patients‘ allergies are documented 
electronically 
 
 
Table 2: Characteristics of included survey respondents* 
Included respondents n=667 
Age (mean, minimum, maximum) 54.7 (32−79) 
Sex    
- male  69.1% (n=461) 
- female 30.4% (n=203) 
Language region    
- German 71.1% (n=474) 
- French 26.5% (n=177) 
- Italian 2.4% (n=16) 
 Medical specialization    
- General practitioner (GP) 41.8% (n=279) 
- Psychiatrist 17.1% (n=114) 
- Gynaecologist 7.8% (n=52) 
- Pediatrician 5.1% (n=34) 
- other specialists 27.6% (n=184) 
- no clinical activity 0.1% (n=1) 
Type of practice    
- single-handed practice 50.7% (n=338) 
- group practice (≥2 physicians) 48.7% (n=325) 
Duration of practice career (mean, minimum, maximum) 15.8 (0−46) 
* missing information per item ranged from 0−2.1% 
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Table 3: EHR adoption overall and in subgroups of physicians* 
 
EHR adopter 
Non-EHR-
adopter 
No  
computer 
Overall 35.2% 59.1% 4.5% 
Age group (years)    
- 30−39 73.5% 26.5% 0.0% 
- 40−49 55.4% 43.4% 0.6% 
- 50−59 31.1% 62.3% 3.9% 
- 60−69 19.5% 73.0% 7.5% 
- 70−79 13.3% 70.7% 16.7% 
Sex  
 
 
- female 36.0% 53.7% 7.4% 
- male 35.1% 61.4% 3.0% 
Language region  
 
 
- German 39.9% 55.7% 3.6% 
- French 24.3% 66.7% 6.8% 
- Italian 18.8% 75.0% 6.3% 
 Medical specialization   
 
 
- General practitioner (GP) 44.8% 54.1% 0.7% 
- Psychiatrist 17.5% 63.2% 18.4% 
- Gynaecologist 26.9% 67.3% 5.8% 
- Pediatrician 26.5% 70.6% 0.0% 
- other specialists 36.4% 59.2% 1.6% 
Type of practice   
 
 
- single-handed practice 26.6% 66.6% 6.2% 
- group practice (≥2 physicians) 44.3% 51.4% 2.5% 
Duration of practice career (years)    
- 0−5 66.7% 31.1% 0.0% 
- 6−10 44.1% 54.9% 1.0% 
- 11−15 23.7% 69.1% 5.2% 
- 16−20 24.4% 64.2% 7.4% 
- >20 20.5% 71.9% 7.1% 
*sums do not necessarily add up to 100% because of missing data ranging from 0−3.0% per item. 
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Table 4: Odds ratio of EHR and electronic workflow adoption in Swiss ambulatory care physicians 
  
Predictors 
  
Age  Sex Language region Medical specialization Type of practice 
Composite Score 
Attitude EHR adoption 
Outcome 
30-39 40-49 50-50 60-69 70-79 female male German 
French/ 
Italian GP 
all other  
speciali
sts 
group 
practice 
(≥2 
physicia
ns) 
single-
handed 
practice Score 
median 
score  
(23 
points) 
EHR 
adopter 
non-
EHR 
adopter 
EHR adoption                                   
OR 3.63 1.58 1.00 0.44 0.55 0.57 1.00 2.25 1.00 2.21 1.00 1.65 1.00 1.31 1.00 n.a n.a 
95% CI 
1.22-
10.78* 
0.93-
2.70   
0.24-
0.80** 
0.15-
1.95 
0.34-
0.96*   
1.34-
3.79**   
1.41-
3.47***   
1.05-
2.61*   
1.24-
1.37***       
                                    
Use of electronic billing systems                                   
OR 0.96 1.00 1.00 0.87 0.39 0.67 1.00 0.79 1.00 0.97 1.00 1.24 1.00 1.07 1.00 5.02 1.00 
95% CI 
0.28-
3.17 
0.56-
1.78   
0.53-
1.43 
0.15-
0.95 
0.43-
1.09   
0.50-
1.25   
0.63-
1.50   
0.80-
1.93   
1.02-
1.11***   
2.54-
9.91***   
                                    
Use of electronic time schedules                                   
OR 1.08 1.99 1.00 0.77 0.30 0.65 1.00 1.42 1.00 0.85 1.00 2.18 1.00 1.06 1.00 10.48 1.00 
95% CI 
0.39-
3.01 
1.16-
3.39*   
0.46-
1.28 
0.09-
1.06 
0.40-
1.06   
0.89-
2.24   
0.55-
1.30   
1.43-
3.34***   
1.01-
1.10*   
6.07-
18.12***   
                                    
Use of electronic laboratory order systems  
(in-house lab service)                                   
OR 0.29 0.70 1.00 0.78 2.86 0.89 1.00 0.43 1.00 1.70 1.00 1.33 1.00 1.16 1.00 7.02 1.00 
95% CI 
0.09-
0.99 
0.33-
1.49   
0.33-
1.82 
0.36-
23.05 
0.43-
1.83   
0.20-
0.91*   
0.86-
3.32   
0.69-
2.59   
1.08-
1.24***   
3.02-
16.34***   
                                    
Use of electronic laboratory order systems  
(external lab service)                                   
OR 1.18 1.16 1.00 0.96 1.27 0.69 1.00 0.17 1.00 2.62 1.00 1.66 1.00 1.06 1.00 1.71 1.00 
95% CI 
0.43-
3.29 
0.64-
2.12   
0.52-
1.77 
0.30-
5.33 
0.39-
1.21   
0.10-
0.29***   
1.60-
4.27***   
1.01-
2.73*   
1.00-
1.11*   
0.93-
3.15   
                                    
Reception of structured electronic laboratory data 
(internal lab service)                                   
OR 0.64 1.30 1.00 0.54 3.17 0.79 1.00 8.55 1.00 14.56 1.00 3.21 1.00 1.04 1.00 9.61 1.00 
95% CI 
0.22-
1.92 
0.64-
2.61   
0.23-
1.24 
0.60-
16.85 
0.40-
1.56   
3.54-
20.66***   
7.57-
27.99***   
1.7-
6.04***   
1.04-
1.19***   
4.69-
19.67***   
                                    
Reception of structured electronic laboratory data 
(external lab service)                                   
OR 1.38 2.13 1.00 0.76 2.87 0.93 1.00 3.30 1.00 5.68 1.00 1.98 1.00 1.09 1.00 9.04 1.00 
95% CI 
0.47-
4.06 
1.10-
4.14*   
0.36-
1.60 
0.68-
12.06 
0.49-
1.76   
1.60-
6.80***   
3.22-
10.00***   
1.12-
3.48*   
1.03-
1.15***   
4.89-
16.71***   
Convert paper-based laboratory reports to an electronic 
data format                                    
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OR 0.93 2.44 1.00 0.48 0.22 1.11 1.00 1.14 1.00 1.04 1.00 3.45 1.00 1.16 1.00 13.40 1.00 
95% CI 
0.20-
4.40 
1.14-
5.24*   
0.19-
1.24 
0.52-
17.04 
0.53-
2.34   
0.54-
2.38   
0.54-
2.03   
1.67-
7.11***   
1.08-
1.24***   
6.56-
27.40***   
                                    
Reception of structured electronic examination data 
(examination performed in the practice)                                   
OR 1.66 1.77 1.00 0.54 1.39 0.42 1.00 3.03 1.00 1.00 1.00 1.04 1.00 1.09 1.00 5.29 1.00 
95% CI 
0.60-
4.59 
0.95-
3.30   
0.26-
1.11 
0.26-
7.49 
0.22-
0.78**   
1.58-
5.83***   
0.60-
1.69   
1.04-
3.04*   
1.04-
1.15***   
2.93-
9.53***   
                                    
Reception of electronic examination reports from other 
physicians                                   
OR 1.28 1.07 1.00 0.82 0.35 0.75 1.00 3.19 1.00 1.44 1.00 1.21 1.00 1.07 1.00 2.03 1.00 
95% CI 
0.50-
3.25 
0.66-
1.74   
0.52-
1.29 
0.13-
0.93* 
0.49-
1.15   
2.13-
4.78***   
0.99-
2.10   
0.83-
1.77   
1.03-
1.11***   
1.27-
3.25***   
                                    
Convert paper-based examniation reports to an 
electronic format                                   
OR 2.25 2.45 1.00 0.47 0.79 0.92 1.00 1.68 1.00 1.30 1.00 2.20 1.00 1.11 1.00 21.08 1.00 
95% CI 
0.65-
7.84 
1.29-
4.65*   
0.22-
0.97* 
0.17-
3.63 
0.49-
1.71   
0.90-
3.13   
0.76-
2.24   
1.27-
3.80***   
1.06-
1.17***   
11.88-
37.39***   
                                    
Use of e-mails and/or online platforms when referring 
patients to other physicians                                   
OR 1.15 1.18 1.00 0.80 1.05 0.60 1.00 2.25 1.00 1.09 1.00 1.47 1.00 1.04 1.00 1.23 1.00 
95% CI 
0.52-
2.56 
0.76-
1.84   
0.52-
1.25 
0.43-
2.54 
0.40-
0.90**   
1.50-
3.37***   
0.76-
1.55   
1.03-
2.11*   
1.00-
1.08*   
0.79-
1.92   
                                    
Use of a digital storage for self-issued referral notes and 
physician’s letters                                   
OR 1.26 0.98 1.00 0.62 0.16 0.68 1.00 3.08 1.00 0.69 1.00 1.07 1.00 1.02 1.00 7.13 1.00 
95% CI 
0.27-
5.79 
0.49-
1.95   
0.35-
1.09 
0.03-
0.72* 
0.39-
1.18   
1.78-
5.35***   
0.41-
1.16   
0.64-
1.77   
0.98-
1.07   
2.84-
17.88***   
                                    
Intention to expand the use of health IT within the next 3 
years                                   
OR 0.75 0.83 1.00 0.47 0.36 0.69 1.00 0.55 1.00 1.32 1.00 1.56 1.00 1.09 1.00 1.01 1.00 
95% CI 
0.33-
1.71 
0.53-
1.31   
0.29-
0.77*** 
0.11-
1.15 
0.45-
1.06   
0.37-
0.83***   
0.91-
1.92   
1.07-
2.29*   
1.05-
1.13***   
0.64-
1.61   
 
 
 OR: Odds ratio  95%CI: 95% confidence interval * p<0.05  ** p≤0.01 *** p≤0.001 
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Table 5: Physicians’ adoption of electronic workflow practices when processing laboratory and examination data, referrals and physician’s letters 
    
Proportion of physicians 
Process Workflow practice Overall 
EHR 
adopters 
non-EHR 
adopters 
German 
language 
region 
French 
language 
region 
Italian 
language 
region 
group 
practice 
(≥2 
physician
s) 
single-
handed 
practice 
General 
practition
ers (GPs) 
Psychiatri
sts 
Gynaecol
ogists 
Pediatricia
ns 
other 
specialist
s 
Processing of laboratory 
data                             
Ordering laboratory tests 
(in-house lab service) 
Electronic order system 17.8% 37.9% 3.6% 17.3% 18.9% 23.1% 21.6% 13.4% 21.3% 7.7% 4.9% 15.6% 15.8% 
Written/verbal instruction to 
laboratory staff  82.2% 62.1% 96.4% 82.7% 81.1% 76.9% 78.4% 86.6% 78.7% 92.3% 95.1% 84.4% 84.2% 
Ordering laboratory tests 
(external lab service) 
Electronic order system 16.4% 26.7% 11.2% 12.8% 26.7% 13.3% 20.6% 12.2% 24.5% 0.0% 5.9% 12.1% 13.3% 
Written/verbal instruction to 
laboratory staff  83.6% 73.3% 88.8% 87.2% 73.3% 86.7% 79.4% 87.8% 75.5% 100.0% 94.1% 87.9% 86.7% 
Receiving laboratory 
results (in-house lab 
service) 
Always receive structured 
electronic laboratory data  14.1% 31.4% 2.7% 16.7% 5.3% 15.4% 17.7% 9.8% 16.3% 7.7% 12.2% 15.6% 7.9% 
Always receive paper-
based laboratory reports 70.9% 37.3% 93.0% 64.8% 89.5% 84.6% 61.9% 81.4% 62.4% 92.3% 85.4% 81.3% 84.2% 
Receive a mix of structured 
electronic laboratory data 
and paper-based 
laboratory reports 15.0% 31.4% 4.3% 18.6% 5.3% 0.0% 20.3% 8.8% 21.3% 0.0% 2.4% 3.1% 7.9% 
Receiving laboratory 
results (external lab 
service) 
Always receive structured 
electronic laboratory data 25.6% 57.6% 8.1% 30.6% 12.0% 20.0% 34.8% 16.4% 39.9% 1.6% 23.5% 21.2% 12.0% 
Always receive paper-
based laboratory results 50.7% 22.4% 66.3% 50.1% 52.0% 53.3% 40.5% 60.6% 38.5% 87.5% 58.8% 36.4% 57.0% 
Receive a mix of structured 
electronic laboratory data 
and paper-based 
laboratory reports 23.7% 20.0% 25.6% 19.2% 36.0% 26.7% 24.7% 23.0% 21.6% 10.9% 17.6% 42.4% 31.0% 
Archiving laboratory data 
(in-house lab service) 
Convert paper-based 
laboratory reports  to an 
electronic data format 19.6% 34.7% 3.4% 17.8% 17.3% 0.0% 19.8% 28.1% 16.7% 17.8% 17.3% 16.5% 19.3% 
Archiving laboratory data 
(external lab service) 
Convert paper-based 
laboratory reports to an 
electronic data format 18.4% 40.0% 6.2% 19.0% 18.7% 0.0% 26.0% 10.5% 18.3% 1.6% 21.6% 12.1% 25.3% 
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Processing of 
examination data                             
Recording 
electrocardiogram results 
(examination performed in 
the practice) 
Integration of structured 
electronic data into an 
electronic examination 
record 15.6% 32.5% 2.0% 19.1% 6.7% 8.3% 22.6% 7.4% 16.7% 
examination 
not 
performed 
examination 
not 
performed 15.4% 12.1% 
Recording spirometry 
results (examination 
performed in the practice) 
Integration of structured 
electronic data into an 
electronic examination 
record 16.1% 31.9% 2.5% 17.9% 9.8% 11.1% 19.9% 10.9% 17.9% 
examination 
not 
performed 
examination 
not 
performed 8.7% 5.9% 
Recording of x-ray results 
(examination performed in 
the practice) 
Digital image integration 
into an electronic 
examination record 27.6% 48.3% 9.7% 30.8% 16.9% 20.0% 33.5% 20.3% 26.7% 
examination 
not 
performed 
examination 
not 
performed 23.5% 30.0% 
Recording of sonography 
results (examination 
performed in the practice) 
Digital image integration 
into an electronic 
examination record 25.0% 44.9% 9.8% 28.1% 14.3% 11.1% 29.1% 19.8% 20.1% 
examination 
not 
performed 39.1% 16.7% 28.6% 
Receiving examination 
reports from external 
healthcare providers 
Receive PDF documents 
(>50% of all received 
examination reports) 11.4% 18.7% 4.0% 12.3% 6.8% 16.7% 13.6% 9.0% 12.8% 2.3% 17.6% 13.6% 11.5% 
Archiving examination 
reports from external 
healthcare provider  
Convert paper-based 
examination reports to an 
electronic data format 33.2% 80.2% 7.9% 37.6% 23.1% 12.5% 44.3% 22.5% 41.3% 8.8% 30.0% 27.3% 38.2% 
Digital storage of electronic 
examination reports  
(PDF documents) 54.2% 87.9% 19.9% 55.6% 49.2% 33.3% 65.8% 40.1% 58.3% 25.0% 58.8% 45.5% 60.6% 
                              
Administration of referral 
notes and physician's 
letters                             
Dispatching referral notes 
to other physicians 
E-Mail and/or online 
document exchange 
platform 46.2% 61.7% 39.8% 53.0% 29.9% 25.0% 53.5% 39.3% 51.3% 40.4% 32.7% 64.7% 43.5% 
Conventional Mail/Fax 96.3% 95.7% 97.0% 96.4% 95.5% 100% 95.4% 97.6% 97.5% 95.6% 96.2% 94.1% 96.2% 
Archiving self-issued 
referral notes and 
physician's letters Digital storage of text files 37.6% 81.7% 14.0% 43.7% 23.2% 18.8% 48.6% 27.2% 48.4% 14.0% 30.8% 29.4% 39.7% 
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Figures 
Figure 1: Respondents’ rating of the impact of health IT on operating costs, time savings, cooperation with other physicians, quality of care, workflow 
management, and physicians’ ability to get an overview of patients’ situation  
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Figure 2: Respondents’s rating of the impact of health IT on physician-patient-relationship 
 
